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Summary. A total of 6695 diabetic men and women, aged 35 to 54 years, from 14 centres and representing 13 national groups, participated in a vascular disease prevalence survey. A random sample was drawn after stratification of each centre's diabetic base population by sex, duration of diabetes and age. A common agreed protocol, standardized examination procedures, and centralized laboratory methods were used in the investigation. Within the age range examined there was considerable variation between centres in a number of variables, including degree of obesity (measured as Body Mass Index (BMI)), proportion treated with insulin and proportion of cigarette smokers. The latter also showed considerable sex differences within centres. Subjects with age at onset below 25 years were notably few in Hong Kong, Tokyo and Oklahoma. There was also considerable variation in the apparent prevalence of both large-and small-vessel (macrovascular and microvascular) disease between centres. In pooled data, measures of large-vessel disease were significantly and independently associated with age, blood pressure and BMI in both sexes, and with diabetes duration and plasma cholesterol in men only. Within-centre analyses showed blood pressure to be the most consistently associated variable in both sexes. In pooled data, small-vessel disease of the eye was significantly and independently associated with diabetes duration, blood pressure, BMI and type of treatment in both sexes. In withincentre analyses, diabetes duration was the most consistently associated variable, followed by blood pressure. Proteinuria as an index of small-vessel disease of the kidney was, in pooled data, significantly and independently correlated with diabetes duration, blood pressure and plasma cholesterol in both sexes. In within-centre analyses, blood pressure was the most consistently associated variable, with diabetes duration and plasma cholesterol equal second -significant in 12 of the 28 centre/sex groups. Heterogeneity of large-vessel disease prevalence in diabetic subjects is confirmed by this study, and the possibility of heterogeneity in small-vessel disease prevalence and severity is suggested. Vascular disease of the retina and kidney typifies the long-term diabetic state, and is generally assumed to vary little in prevalence among diverse groups of patients with diabetes of comparable duration. By contrast, WHO study of vascular disease in diabetic patients ischaemic disease of heart, leg and brain tissues (often subsumed under the unsatisfactory terms 'atherosclerotic' or 'macrovascular' disease), though generally accepted as more commonly affecting the diabetic than the non-diabetic person, is thought to vary widely in prevalence among geographically distinct groups of diabetic subjects, especially when oriental and occidental or North and South comparisons are made. For example, several autopsy and clinical reports from Japan since the late 1960s suggest that coronary heart disease occurs at rates substantially lower than those familiar to European and American diabetes centres [1] . The diabetic populations appear to mirror, though at an aggravated level of intensity, the variations in arterial disease prevalence between the corresponding non-diabetic populations [1, 2] . The need to confirm, quantify and explain these reports of widely differing atherosclerosis rates, and to make valid comparisons of prevalence of microangiopathy, prompted a proposal in the early 1970s to compare vascular disease in diabetes in a Tokyo-London standardized study. This project attracted the interest of others and was widened to allow multinational participation. Representatives from a number of national groups, the European Diabetes Epidemiology Study Group, the International Diabetes Federation and the World Health Organisation (WHO) met in the mid-1970s to develop a multinational collaborative study. The final plan was formulated under the auspices of the WHO, which provided facilities and funds for central coordination, data collection and analysis, working meetings of participants and continuing skilled administrative help. Fourteen centres from thirteen countries ultimately participated in the study, each raising local support for the field work. This report presents the prevalence data on largeand small-vessel disease, collected and analysed at the completion date for this WHO Multinational Study of Vascular Disease in Diabetics. The study serves the dual purpose of comparing morbidity in the participating diabetic groups and providing baseline data for future comparative estimates of incident events among them.
Study populations

Recruitment of centres and samples
The 14 centres participating in the study represented a diverse geographical, ethnic and cultural mix. They comprised three from Asia, a cluster from Europe and two indigenous Amerindian populations from North America (Table 1) . Regrettably, no African group could be recruited. Study patients were recruited from different sources. Each centre was asked to select the source that would best meet the requirements for representativity. In several centres samples were recruited from outpatient clinics serving populations typical of the area, as in the case of London, Brussels, Moscow, Warsaw, New Delhi, Hong Kong, Tokyo and Bulgaria. In Moscow the sample was randomly drawn from a number of selected clinics within a centrally coordinated health system. The Berlin (GDR), Zagreb, Havana and Oklahoma patients were sampled from a geographically defined register of all diabetics residing within a circumscribed area or belonging to an [3, 4] . The list of centres and investigators appears in Appendix 1. The study protocol required equal numbers of men and women with diabetes, sampled from three age bands within the range 35 to 54 years. This range was chosen for two main reasons. Arterial disease, in particular coronary heart disease, is very uncommon below age 35; after 54 years selective mortality could distort its representation in different diabetic populations. The known duration of diabetes is another major variable, clearly associated with microvascular disease, so sampling was also structured to ensure a range of duration within the selected sex and age groups.
For this investigation a diabetic was defined as a patient diagnosed at least I year earlier and under treatment for the disorder by the physicians of the participating centre at a defined date. This working definition circumvented the difficult task of obtaining diagnostic criteria agreed by all participants. Its use may have resulted in the inclusion of a very few non-diabetic subjects, but all of the clinics were served by highly experienced clinicians unlikely to have made many gross diagnostic errors. The specific exclusion of recruitment by population screening was intended to minimize the inclusion of early or questionably diabetic patients. Also excluded were 'specialist' clinics known to attract patients referred, for example, because of particular complications of diabetes.
Potential sources of bias were also monitored by recording the manner of diagnostic presentation and the path of referral. Specific questions were designed to indicate clinical 'severity' (insulin-dependence).
Sampling procedures
Casual acquisition of subjects gives selective advantage to frequent or complicated clinic attenders. This bias was minimized by sampling from a register constructed of all patients, in the appropriate age categories, who had attended once or more in the year before the commencement of the study.
The sample size was a compromise between the constraints of the collection exercise itself (practicability and resources available), the number of patients likely to be available to fill the most difficult 'cells' of the recruiting matrix, and the need to ensure adequate statistical power to demonstrate differences of given dimensions between the frequencies of the key endpoints in the various centres. The agreed target number for each centre was 252 men and 252 women, distributed by age and diabetes duration as shown in Table 1 . Twenty-eight patients were randomly selected from the recruitment register for each cell; a further seven were reserved to draw from if necessary. Some centres had comparatively few youthful, long-duration patients, making certain cells difficult to fill and for such cases the source of recruitment was extended with WHO agreement. Identifiable minorities differing from the prevailing ethnic or cultural patterns were excluded. Two centres departed from these sampling procedures. The Oklahoma sample had been suitably drawn for other purposes before the WHO study began, and the Arizona sample included all available subjects.
Consent was obtained before enrolment from each individual selected for study. Participating groups were permitted to add 'noncore' investigations, either on a unilateral basis or as part of joint enterprises, so long as they did not prejudice the major purposes of the study. These included local investigations in which vascular disease was compared in diabetics and non-diabetics, photographic studies of retinopathy, dietetic enquiries, studies of clotting factors, lipoprotein patterns and the like. The non-core investigations performed are listed in Appendix 2, and have been or will be reported separately. Centres are identified throughout this and other papers by the three-letter codes listed in Appendix 1 and Table 4 .
Materials and methods
Data collection and laboratory procedures
During the period 1975 to 1977 a standard medical history and predetermined physical examination and investigation were recorded for all participants. The questionnaire, examination and investigation protocols are reproduced elsewhere [3, 4] but copies may be obtained on application to WHO. Variables recorded included age at interview and age at diagnosis of diabetes, characteristics of the diabetic state, its mode of presentation, the nature of treatment and history of vascular disease. Standard questions were used by the interviewing clinicians, and in almost all cases the information was acquired during a clinic visit earmarked for the collection of study data.
Following standard enquiry, patients were grouped into cigarettesmoking classes. Those who had never smoked, had ceased smoking, were currently smoking 1-14cigarettes a day, 15-24 cigarettes/day and 25 or more cigarettes/day were allocated to classes 1-5 respectively.
Height was measured without shoes, and weight while wearing indoor clothing, Body mass index (BMI) was computed by dividing the weight in kilograms by the square of the height in meters. Arterial The fundi were examined by direct ophthalmoscopy of each eye through dilated pupils, standardizing the observation to a timed twominute period for each eye. Prior to the study all participating centres took part in a workshop where a number of selected patients, including some with normal fundi, were examined using standardized methods by all participants. Their results were then analysed and discussed. A set of standard colour photographs of the lesions sought was supplied to each examining centre in a further attempt to standardize the recognition and documentation of the various lesions, Venous blood with hepafin anticoagulant was collected for cholesterol and creatinine determinations. The measurements were made both locally and at one of two WHO-collaborating lipid centres in Atlanta (Georgia, USA) and Moscow, USSR, using accepted techniques [5] . The core protocol did not require measurement of cholesterol subfractions; uniform techniques and quality-control monitoring for these measurements through the WHO collaborating centres were not available at the time. Some of the participating centres also made detailed lipid and other studies (non-core) on their samples and they are listed in Appendix 2.
A fresh specimen of urine was collected and tested by a standard sulphosalicylic solution method by all centres, except Zagreb where the Albustix method was used [6] . The intensity of protein precipitation was recorded and used in analyses as an indicator of renal disease severity. Positive tests were graded from I (barely perceptible turbidity) to 4 (dense flocculent precipitate).
Large-vessel disease endpoints
Cardiovascular questionnaire responses and Minnesota codes for the ECGs were used in two ways, either as individual items of abnormality (components) or grouped in various combinations (composites) ( Table 2 ).
Components. From the standard questionnaire responses, angina pectoris, history of possible infarction and intermittent claudication were identified as recommended by Blackburn and Rose [7] . The categories 'amputation or gangrene' and 'stroke" were determined from responses to questions specially formulated for this study and included in the questionnaire: Composites. The component indicators of large vessel disease were grouped in a variety of ways in order to express either particular regions of the circulation affected or degrees of severity of arterial disease (Table 1) Two further classes were distinguished for analytical purposes, defined as follows: 'Stroke Only' includes patients with a history of hemiplegic stroke, but with no other evidence of LVD. 'LVD-Free' includes all patients without evidence of LVD, whether small-vessel disease (SVD) was present or not.
Small-vessel disease endpoints
As with LVD, small-vessel disease indices, derived exclusively from standardized examination of the eye and urine, were categorized either by component abnormalities or in composite groupings.
Components. Eight components of retinopathy were derived from the examination findings and are defined as follows: 'Retinopathic Blindness' was the class to which blind or severely visually-handicapped patients were assigned when this disability was due to or associated with new-vessel formation, vitreous haemorrhage or opacity, large red lesions, or six or more hard exudates in one or both eyes. Blind patients with cataracts which obscured the view of both fundi were classified separately. 'New Vessels' were accepted only when recorded as 'definitely present' on fundal examination.
'Small Red Lesions' were microaneurysms and haemorrhagic spots less than the breadth of the largest retinal artery as it crossed the edge of the optic disc. 'Medium Red Lesions' were larger than the lesions described above, but less in their largest diameter than the breadth of the optic disc. 'Large Red Lesions' were haemorrhages with their largest diameter greater than that of the optic disc. 'Hard Exudates' were described, illustrated and distinguished from drfisen. Their extent was estimated as the number of 'disc-sized areas' affected. 'Soft Exudates' (or cotton-wool spots) were described and illustrated in the reference photographs. Their number was counted and recorded. 'Vitreous Opacity or Haemorrhage' described definite opacification or bleeding into the vitreous body. Small-vessel disease of the kidney (SVDK) was defined by the presence of proteinuria using the standardized salicyl-sulphonic acid test:
'Severe Small-Vessel Disease of the Kidney' (SVDK Severe) -proteinuria (heavy or very heavy) with a flocculent or heavy precipitate. Composites. The small-vessel disease components were grouped into composites for comparative and analytic purposes. These are described below and are also shown schematically in Table 3 . 'Severe Small-Vessel Disease of the Eye' (SVDE Severe) includes those with 'Retinopathic Blindness' in either eye, 'New Vessels' in either eye, 'Vitreous Opacity or Haemorrhage' in either eye or 'Large Red Lesions' in either eye. 'Medium Small-Vessel Disease of the eye' (SVDE Medium) includes those lacking the severe features, but with 'Small Red Lesions' (two or more) in either eye, 'Medium Red Lesions' (one or more) in either eye, or 'Hard or Soft Exudates' (two or more) in either eye. 'Minimal Small-Vessel Disease of the Eye' (SVDE Minimal) comprised a group lacking any of the abnormalities above and in which evidence of retinopathy was weak or doubtful. It includes those with 'Small Red Lesions" (one lesion) in either eye, a single 'Hard or Soft Exudate' in either eye or 'New Vessels" coded as 'doubtful' in either eye.
Eye abnormalities and proteinuria were combined to form a further set of composites as follows (Table 3) : Small-Vessel Disease Severe = SVDE Severe + SVDK Severe. Small-Vessel Disease Major = SVDE Severe or SVDK Severe plus any category of the other.
Small-Vessel Disease Medium = All or any categories of SVDE or SVDK apart from severe. Small-Vessel-Disease-Free = those with no evidence of SVDE or SVDK whether or not LVD was present.
Statistical procedures
Standard descriptive statistics were used in most of the analyses. Comparisons were made within each centre, between centres and, in some analyses, with data pooled from all centres. Relationships between the various analytical variables such as smoking, blood pressure and cholesterol level and the vascular disease endpoints were analysed by comparing means for affected and unaffected groups and by determining correlation coefficients. Multivariate techniques were used to assess the independent contribution of individual variables when these might be spuriously created or obscured by the confounding effects of other variables.
Simple direct standardization for age or known duration of diabetes was employed to allow comparison of centres with differing age or duration structures. The probability that differences between group means were due to chance was assessed by two-tailed Student's t-test. A standard general linear-model multiple regression program (SPSS System) was used with one dependent variable for analyses of the relation between independent variables with renal and retinal disease. For the large-vessel disease endpoints, specific independent variables were tested for an association with the Walker-Duncan logistic regression procedure using the maximum-likelihood method of estimation [91. 
Results
This section presents the composition of the 14 samples, a comparison of their biometric, clinical and biochemical characteristics and their respective prevalence of large and small vessel disease. Some preliminary results have already been reported [10, 11] . Relationships, simple and complex, between the explanatory analytical variables and the vascular endpoints are presented for the whole multinational sample and for centres taken individually. Deviations from protocol or missing data in particular instances are noted in the text.
Age, sex and duration composition
The numbers of men and women with diabetes recruited at each centre are shown in Table 4 . The Arizona (Pima Indian) sample was inevitably small because of the limited total number of diabetic patients available in this small population. The distribution by age at examination shown in Table 5 departs from the anticipated one-third in each age sub-segment of the 35-54 band selected, and reflects the difficulties found in many centres in recruiting adequate numbers at the younger end of the scale. As Tables 6 and 7 indicate, this shortfall was chiefly due to limited numbers of younger diabetic patients in the longest-duration (>~ 14years) category; numbers with age at diagnosis under 25 were strikingly low in Hong Kong, Tokyo and Oklahoma samples. To some extent the shortfall is also due to a higher age at interview than age at selection which was due to the time (< 3 years) elapsed between sampling and examination.
Biometric, clinical and biochemical characteristics
The distribution of arterial pressures, the frequency of 'hypertension' (WHO definition) and mean arterial pressures by age appear for each centre in Tables 8, 9 and 10 respectively. About one-third of the participants meet the WHO criteria for hypertension, slightly more in women than men and varying two-fold between centres ( Table 9 ). About half of the hypertensives were taking blood-pressure-lowering therapy at the time of the ascertainment, though the proportion varied enormously among centres between 9% and almost 90%. Only one-half of this treated group had pressures below 160/95 overall, again with wide variation among centres in 'efficacy' of treatment.
In most centres age-specific mean systolic pressures (Table 10) were higher in women than in men. This difference is least evident in the youngest age group, but increases progressively to the oldest. Mean pressures are low in both sexes in the Tokyo sample and in both American Indian populations.
Mean Body Mass Index (Table 11 ) ranged between a low of 21.4 in young Tokyo women to 34 in those from the Oklahoma sample. Values were uniformly low in the three Asian centres and indicated marked obesity in the Arizona and Oklahoma participants, approached by the Moscow and Warsaw samples among the European subjects. BMI was greater for women than for men in most age categories, but showed less tendency to increase with age. The patterns of cigarette smoking reported from the centres varied widely (Table 12 ). More men smoked than women. In the three Asian centres most women had never smoked, a pattern shared by Moscow, Bulgaria and Zagreb samples. Two-thirds of the Tokyo men smoked regularly, one-quarter heavily.
Proportionate distribution of plasma cholesterol values by centre, and the age-specific mean total cholesterol levels, (Tables 13 and 14) show relatively low mean values in Arizona, Oklahoma, Tokyo, Bulgaria, Hong Kong and Warsaw samples. Mean values differed little between sexes. Values greater than 7.7 mmol/l (300 rag/ dl) were found in 8% overall, occurring with greater frequency in Havana, New Delhi, Moscow, Switzerland and Zagreb samples. In making these comparisons it must be borne in mind that, for logistic reasons, a proportion of centres were unable to obtain estimates from the central laboratories and local estimations were used in these cases (Table 14) .
Proportions of patients injecting insulin, taking oral anti-diabetic agents and on neither of these therapies appear by centre and by known duration of diabetes in the successive Tables insulin increased in successive duration categories. Use of insulin, irrespective of duration, varied from 17.3% in New Delhi women to 61.3% for London women. The overall variation was related in some degree to the composition of the groups with respect to age and duration. The 'diet only' group was poorly represented in the long-duration subgroup which contained a relative excess of insulin-injecting patients. In several centres, New Delhi and Oklahoma in particular, relatively few of the long-duration patients were taking insulin injections, an indication of the probable heterogeneity of 'types' of diabetes among samples.
Large-vessel disease a) L VD prevalence overall and by centre
An estimate of the overall prevalence of the large vessel disease endpoints for all centres pooled is presented in Table l8 . Rates for individual component, composite and subclass items are indicated. In this table some individuals appear in more than one of the item groupings. Within the CVD composite category, however, the items are mutually exclusive (see Table 2 ). Men and women are similarly affected, except in the 'Coronary Possible' and 'Angina Pectoris' categories, where the rates for women are about 50% higher. This difference accounts for the female excess in the prevalence of certain of the composite items in Table 18 . Some evidence of LVD was reported for 37.4% of the women and 29.5% of the men (total LVD). Rates for claudication, amputation, 'Leg VD' and 'CVD Severe' are low, but slightly higher in men than in women. These overall rates are presented by age group in Table 19 . In men the rates are two to three times higher in the oldest than in the youngest age groups. In women the trend with age is similar, though the gradient is generally less steep than in men; in some categories no gradient is discernible. Key: * = 0.01 <p < 0.05; ** = 0.001 <p < 0.01; *** =p < 0.001 627 naire for angina, history of myocardial infarction and claudication. Figure 1 displays some of the positive response rates to the arterial disease questionnaire. Tokyo, Hong Kong and Arizona have total rates below 10%, but most other centres cluster around 20% positive response rates for men and rather more for women. Havana has a conspicuously high rate of 45% for women, probably arising from confusion between 'chest pain' and 'breast pain' in the Spanish version of the questionnaire. The more objective Minnesota code rates for 'ECG Coronary Probable' and 'ECG Coronary Possible' categories, standardized for age, are shown for both sexes (Fig. 2) . Abnormalities coded as 'ECG Coronary Probable' varied more than twenty-fold in frequency, ranging from 0.4% in diabetic women from Hong Kong to 10.5% in diabetic women from Berlin. Rates are low in both sexes in Hong Kong and Japan, and high in Berlin and Oklahoma women. No major difference exists between the sexes. The ECG-based rates in Figure 2 agree in relative terms with the questionnaire estimates of Fig. 1 , but the ratio of 'ECG Coronary Proable' to questionnaire (Possible myocardial infarction) positivity is relatively high for Tokyo and Hong Kong, and low for other centres, particularly Warsaw and Havana. These differences in ratios may represent true variability in the type and frequency of arterial disease manifestations between centres, or may reflect cultural differences in the perception or interpretation of the questionnaires.
Rates for 'ECG Coronary Possible' in women exceed those in men for every centre (Fig. 2) . Differences in these 'ECG Coronary Possible' rates should be interpreted with caution, for many non-specific abnormalities of repolarisation contribute to the 'Coronary Possible' category, and these abnormalities may vary independently from ischaemic heart disease.
Rates of 'Intermittent Claudication' and 'Amputation' (Fig. 3) are generally low for both sexes; rates for men tend to exceed those for women. 'Claudication' responses were found with high relative frequency in Moscow, Warsaw and Havana. High 'Amputation' rates in males in the latter two centres resembled those in the two American Indian groups, where, anomalously, there is no complaint of claudication. Both are very uncommon in Hong Kong and Tokyo.
The influence of age and sex on 'Total LVD' prevalence in the individual centres is examined in Table 20 . With few exceptions rates are higher in women. In some instances this difference is considerable. The rise with age is generally steeper in men.
The category 'Large-Vessel Disease' in Table 20 comprises all the component items. Cultural and linguistic difficulties probably confound comparison of subjective items. Considerable variation was found between centres in the responses to the WHO question- Table 21 shows the age-standardized mean values of arterial pressure, BMI, total cholesterol and diabetes duration for selected LVD subgroups. Arterial pressures in each LVD subgroup exceed the levels in the 'LVD Negative' group by 6 to 11 mmHg systolic, and by 2 to 5 mmHg diastolic. The mean BMI is slightly higher for 'CVD Positive' than 'Negative' groups, with the exception of 'Stroke Only' groups. Mean cholesterol concentrations in all LVD categories exceed those for the 'LVD Negative' group for both sexes, more so in men than in women. Though duration is greater in all LVD subgroups, it is notably different only for 'Leg VD'. Table 22 summarizes the probability values of correlation coefficients (all correlations are positive), that relate LVD endpoints to a selection of analytical variables. The high levels of statistical significance attached to many of these associations reflect the large numbers of observations and not necessarily the biological importance or strength of the associations. The lack of correlation of the coded smoking class with the various endpoints is particularly striking. Treatment level was coded as insulin, oral agent, or diet-only therapy in declining sequence. The association of treatment with 'Leg VD' therefore indicates that more diabetics so affected were taking insulin or oral agents.
b) L VD univariate and multivariate associations
Simple univariate correlations of LVD endpoints with variables such as age, duration and blood pressure are difficult to interpret since the latter variables are often significantly correlated with each other. Furthermore, trends in the group as a whole may arise from differences between centres. For example, the Tokyo sample has both low BMI values and low rates of LVD, while the Oklahoma sample shows the reverse. This might confer upon the group as a whole a strong association between BMI and LVD which does not necessarily exist within individual centres. The independent contribution of each to LVD can also be evaluated by logistic regression analysis. This statistical technique adjusts for the correlation of independent variables, and then examines the association with a dependent variable that has only two possible values (absent or present). The strength of such adjusted relationships is indicated by the values of the r-coefficients for the independent variables.
Various LVD endpoints were examined in turn as dependent variables and related to age, duration of diabetes, systolic blood pressure, BMI, current smoking habit, treatment regimen and plasma cholesterol concentration in a forward stepwise logistic regression analysis. The values of the standardized fl coefficients with their significance levels are shown in Table 23 . Among the diabetic men, age, duration of diabetes, systolic blood pressure, BMI and cholesterol level are independently associated with 'Total LVD'. Similar asso- Tables 24 and 25 present the results of multiple regression analysis, with dependent variables LVD and HVD respectively, within centres. For simplicity, only 'significant' independent associations are shown (i.e. where the F statistic was 4.0 or more). In both cases, the most consistent association is with systolic blood pressure, followed by age and, much less frequently, by plasma cholesterol. Nevertheless, even for blood pressure, there are some centres where significance was not achieved for either sex and others where it was achieved for only one sex. Duration, BMI and smoking were only rarely significant variables.
Small-vessel disease a) S VD prevalence overall and by centre
The overall prevalence of retinal and renal SVD endpoints by sex and diabetes duration is shown in Table  26 . The frequency of the most severe ocular abnormality, 'Retinopathic Blindness', rises from about 1% for less than 7 years duration to about 6% in patients with more than 14 years duration. A similar sharp rise in the prevalence rate occurs for the 'New Vessels' category. For the various categories of 'Red Lesions' and both types of exudate there is, however, a more even rise with increasing duration. 'Hard Exudates' were recorded three to four times as frequently as 'Soft Exudates'. The composite items of small vessel disease of the eye (SVDE) appear at the bottom of Table 26 . Rates are similar in the two sexes. The prevalence of 'Severe SVDE' and 'Medium SVDE' categories increases with diabetes duration, but 'Minimal SVDE' prevalence remains near 6% for all durations.
Combining the classes of mild and severe disease of the kidney (SVDK), about 20% of diabetic patients in the shortest duration category were recorded as having proteinuria, two thirds of them with the lesser grade ( Table 26 ). The frequency of the lesser grade of proteinuria changes little with increasing duration, unlike that of the heavier grade, which is three times as common with longer duration. The role of duration appears to be less striking for total SVDK than for SVDE. This finding is largely due to the lesser degrees of positivity for SVDK, and may represent falsely positive or non-specific causes of proteinuria in some of the populations examined. 'Severe SVDK' also occurs a little more frequently in men, a relationship which reverses for 'Mild SVDK'.
Mean values for the systolic blood pressure, cholesterol and body mass index for the various SVD categories by duration group appear in Table 27 . Mean systolic blood pressures are higher in the more severe categories of SVD eye and kidney endpoints, especially in the longest duration group. The mean diastolic blood pressure trends (not shown) are similar for SVDK, but less evident for SVDE. Mean cholesterol levels are higher in patients with the severe grades of SVDE, but only in the longest duration groups and more evidently in women. A similar relationship between mean cholesterol and severity, as well as duration, is shown in respect to SVDK. In neither sex does mean BMI show a relationship with the presence or severity of SVDE or SVDK, though for retinal disease BMI tends to be slightly higher in unaffected subjects.
The prevalence rates of 'Retinopathic Blindness' and 'Soft Exudates' by centre are shown in Table 28 . Rates for retinopathic blindness rise substantially where duration exceeds 14 years. The reported rates are similar in most centres, the exception being Arizona women (low), Bulgarian men (high) and the early appearance of blindness in the Tokyo sample. Differences in reported prevalence of 'Soft Exudates' could well arise from observer variation. In the longest duration group, for example, 'Soft Exudates' apparently range in prevalence from zero to 26%. Table 29 presents the different severities of composite SVDE by centre and sex. Within each centre, the rates increase with duration and there are no systematic sex differences.
Centre-by-centre prevalence of SVDK is shown in Table 30 for the severe and mild categories. The rates of 'Severe SVDK' are similar in magnitude to those for 'Severe SVDE'. The variation between individual centres for SVDK is greater than that for SVDE. 'Severe SVDK' in long duration diabetes, for example, varies from a low of 2.4% in Hong Kong to high values of 37.0% in Oklahoma and 34% in Tokyo men, respectively. 631 relationship is found between BMI and SVDE, but not between BMI and SVDK. Diastolic blood pressure and cholesterol values are positively correlated with SVDK, but not with SVDE. Finally, current cigarette smoking is not associated with small-vessel disease of the eye or kidney in women, but is associated with SVDK in men, though with a low degree of significance (0.0a<p <0.05).
Multiple linear regression analysis of the relationship between the analytical variables and SVDE and SVDK endpoints (Table 32) shows the influence of diabetes duration on both, but more particularly upon SVDE. The associations with systolic blood pressure are stronger for SVDK that for SVDE. The negative relationship found for BMI in the univariate analysis survives multiple regression analysis. The magnitudes of the /3-coefficients suggest that duration, followed by systolic blood pressure and treatment, are the most important factors in SVDE, and that the analytical model is able to predict more than 20% of the variance. For SVDK, duration, systolic blood pressure and cholesterol retain strong independent associations for both sexes, but only 8% or less of the variance is explained in this model. Tables 33 and 34 present the results of multiple regression analysis, with dependent variables SVDE and SVDK respectively, within centres. As in Tables 23 and  24 , only 'significant' independent associations are shown.
For SVDE all centres and both sexes, with the exception of men in Hong Kong and Havana, show significant associations with duration. There are significant associations in over 50% of centre/sex groups with systolic blood pressure and treatment category. Associations with BMI occur in only a few centres and in those are uniformly inverse. There are few significant correlations with age, smoking and cholesterol.
For SVDK the most consistent correlation is with systolic blood pressure, Zagreb being the only centre where no significant correlation occurred in either sex. In 12 of the 28 centre/sex groups there were significant correlations with duration and/or cholesterol. As with the pooled data, the proportion of the variance explained by the independent variables within centres was generally lower for SVDK than for SVDE.
Discussion
b) S VD univariate and multivariate associations
The univariate probability values for correlation of small-vessel disease with selected analytical variables appear in Table 31 . Duration, systolic blood pressure or hypertension, and treatment modality are highly correlated with the SVDE and SVDK endpoints, though only the correlation coefficient for duration/SVDE exceeds 0.4 and most correlations are of low order. A negative Arterial disease affecting vessels of large and small calibre is a characteristic feature of human diabetes. Vascular disease of the retina and of the renal glomerulus are hallmarks of diabetes mellitus. On the other hand, macrovascular disease is qualitatively similar in diabetic and non-diabetic persons, although in Western societies it affects diabetics earlier and more extensively than non-diabetics. Abundant evidence from mortality studies, autopsy data and clinical morbidity compari- sons show this excess in diabetic subjects [1] . It may also be present in non-Western societies, including industrialized countries such as Japan and developing regions such as Africa [12] [13] [14] [15] [16] . However, in these other areas, absolute rates of atherosclerotic arterial disease, particularly coronary heart disease in diabetic subjects, have been reported at much lower rates than in corresponding North American or European diabetic populations. Indeed, the differential susceptibility of diabetes resembles the striking regional, national or ethnic variation in arterial disease prevalence among the respective general populations [2, 16] . Prospective heart disease studies that included diabetic persons have until recently been restricted largely to Western population groups. The Tecumseh and Framingham communities in the USA, civil servants in the Whitehall Study in Britain and similar populations in Israel have all reported increased prevalence and incidence of cardiac disease among their diabetic compared with their non-diabetic subjects [17] [18] [19] [20] . In some populations, differences in large-vascular disease rates are especially great for diabetic women [1, 21] . Factors among the population at large that are positively associated with increased risk of CVD also appear to operate within diabetic populations. They include elevated total serum cholesterol concentrations (or alterations in the levels of the low-density lipoprotein or high-density lipoprotein constituent fractions), elevated arterial blood pressure and cigarette smoking [15] . The number of diabetic patients included in these large-scale population studies has been relatively small, but support the view that increased atherosclerotic risk in the diabetic cannot be explained simply by an increased prevalence of known risk factors [1] .
Many reports of prevalence and severity of vascular disease in diabetic patients have emanated from special clinical groups, usually hospital-based. The potential for bias is high in such studies. Special diabetes clinics often attract the cases with more complications, those in a particular section of society, or diabetics with particular manifestations of the disease, reflecting the interests or expertise of those offering clinical care. In many such clinical series reports, the more frequently attending patient (perhaps the most complicated or the most careful) is inevitably more likely to be included than the less frequent attender. Unless special measures are taken, such groups of cases (and controls) may misrepresent the study populations [22] . The WHO Multinational Study tried to resolve some of these problems by formulating strict definitions of diabetic populations and their sources. The sampling frame minimized visit-frequency bias by collecting balanced samples stratified within the selected age-band (35-54 years), according to sex and known duration of diabetes. Even so, where sampling was based upon clinic lists, non-attenders were unrepresented. The crosssectional design, disciplined use of standardized questionnaires, agreement upon systematic methods for recording physical characteristics and clinical observations, and coordination of certain examination data and laboratory methods through WHO Geneva, provide a scope and degree of comparability of investigation of vascular disease in diverse populations of diabetic which was not previously available. Nevertheless, despite the special measures taken, the WHO Multinational Study has a number of shortcomings. These deficiencies will be more fully considered in the appropriate sections of the discussion. Furthermore, we only report prevalence data, with its inherent restrictions on the interpretation and comparison of rates and relationships. Incident events of vascular disease will be collected in a second phase of the study: this follow-up will meet some of the objections and reservations referred to above.
Recruitment
Some centres had difficulty recruiting to particular stratifying subgroups, especially those for younger patients of longer duration. The total numbers of participants approximated the goal of 250 men and 250 women per centre, except for a shortfall in Arizona, where virtually all available eligible persons were recruited, and the overshoot in Oklahoma.
There was no evidence that comparisons between groups were distorted by selective under-or over-representation of patients with endpoint vascular variables (as assessed from ordinary clinical records) among the noncompliant. The salient features of the national samples, noted in the results, show some proportionate over-representation of the older patient categories, and a similar weighting towards diabetics of short duration at the expense of those of long duration. In some centres (e. g. Oklahoma and Japan) this deficiency probably reflects a relative scarcity of this 'type' of diabetes by comparison with European populations.
To an extent, disparities in age composition can be allowed for statistically, but this approach is less satisfactory for differences in diabetes duration. Certain endpoint components (e. g. retinovascular proliferative change, heavy proteinuria) make their appearance relatively suddenly after 15-20 years of diabetes. They do not increase slowly and smoothly with time, either in their expressed intensity within individuals, or in the proportion of diabetic patients involved. Extrapolation to long duration is therefore difficult or impossible.
Vascular 'risk factors'
There was considerable heterogeneity among centres for many of the biometric and physical variables related to vascular disease development. However, taking all 6695 subjects, the median systolic blood pressure for men was over 135mmHg and for women over 140 mmHg. Thirty-four per cent of the subjects qualified for the WHO designation of hypertension (BP systolic over 160, or BP diastolic over 95, or treatment for hypertension). Slightly more than half of these (1213 or 2272) were receiving anti-hypertensive treatment; in only half of the treated group (546 of 1213) were pressures found to be below the hypertensive range.
In populations of non-diabetic subjects of similar age and sex distribution, Keys in the Seven Countries Study found mean systolic pressures varied between 138 and 143 mmHg [23] ; the range of 135-140mmHg among diabetic population samples of this study is very similar. This absence of systematically different systolic (and diastolic) pressures in diabetic compared with non-diabetic subjects was also noted in the Whitehall Study when pressures in diabetic patients (men 40-64 years, mean systolic 137 mmHg) were measured in ignorance of their diagnosis and at the same time as a group of approximately 18 000 non-diabetic individuals (mean systolic 136 mmHg) [24] . There is inconsistency Cigarette smoking habits also show major variations between centres. Among diabetic subjects studied, a much higher proportion of men than women smoke, particularly in the heavier smoking grades. Tokyo men are the heaviest cigarette consumers, and Hong Kong, Havana, Warsaw, Zagreb, Brussels and London men approach their smoking rates. There are few comparative data concerning smoking habits of diabetic subjects and non-diabetic subjects [15] . The striking disparity between men and women in some of the populations in the present study together with similar rates of ECG abnormalities (coronary probable) is evidence against a significant role of cigarette smoking in the excess preva-lence of large vessel disease in diabetic patients, though here again prospective incidence data will be more informative.
Restricting [25] . Ranking the mean cholesterol values for a centre and comparing with vascular disease prevalence did not reveal any obvious correlation.
Treatment of diabetes mellitus
Patterns of use of insulin injection, oral anti-diabetic agents and diet alone show considerable variation among the 14 centres. These differences partly reflect the variability in relative prevalence of insulin-dependent and non-insulin-dependent types of diabetic patient for the various samples. Local therapeutic philosophies in the use of insulin to achieve glycaemic control, and economic determinants of the availability for use of the various medications, may contribute to these different patterns. Even in the longest diabetes-duration group, where the great majority of true insulin-dependent diabetic patients might be expected among Europids, fewer than one half of the Delhi sample and little more than half of the Oklahoma sample were receiving insulin. Insulin use in the samples as a whole varies from as little as 20% to as much as 60%. Similar variation is seen with use of oral agents, where rates range from a low of 25% to a high of 69%. Only a minority of diabetics (about 16%) used neither medication, in Hong Kong under 2%. The association of mode of therapy with vascular disease is difficult to interpret, as the appearance of complications may signal intensification of therapy.
Large-vessel disease prevalence
One of the major purposes of this study was to examine the assertion that there were large differences in the degree to which atheroclerotic disease affected diabetic populations of dissimilar geographical origin. The arterial disease endpoints we have selected to evaluate can be considered individually or grouped in various ways. Data on which the estimates are based can be divided into objective evidence (e.g. centrally-analysed ECG results, limb amputation) and subjective evidence (e.g. symptom enquiry for angina, claudication, stroke, etc.). Manifestations of arterial disease can be grouped by organ system (e. g. heart, leg, brain) or can be divided into broader categories of likelihood of underlying vascular disease. We have undertaken analysis using all of these approaches. The results of all are in broad agreement, and support the hypothesis that major variations in arterial disease prevalence occur.
In the broad category of 'Total LVD', age-standardized prevalence in men was 28% and in women 36.3% for the group as a whole. The female excess stems from the high rate of 'ECG Coronary Possible' (ST, T wave abnormalities), and the higher symptom complaint rate for 'Angina Pectoris' than in diabetic men. If comment is restricted to the most objective evidence of arterial disease, 'ECG Coronary Probable' (Q wave items) occurs with approximately equal frequency in the two sexes (4.5% and 4.2% in men and women respectively), with the composite category of 'CVD Severe' including 6.3% and 5.4% men and women respectively. On a centre-by-centre basis, overall rates of 'ECG Coronary Probable' abnormalities ranged from 0.4% in Hong Kong women to 10.5% in women from East Berlin. The Delhi sample differed sharply from the other Asian groups with rates resembling the European centres. The Oklahoma Indian sample differed sharply from the Asian groups and from the Pima Indians.
'ECG Coronary Probable' rates for women equal, or in some cases even surpass, those for men. Notable exceptions were New Delhi, Arizona and Warsaw where rates in men were 2-4 times higher. Previous reports from Warsaw on mortality rates also showed that they were lower in female diabetics who had an excess mortality rate similar to that in men [26] . One prospective study has drawn attention to the high frequency of congestive heart failure without evidence of antecedent coronary heart disease among diabetic patients, particularly in insulin-treated women, in this age group [27] . Heart failure in such diabetic patients has been attributed to diabetic cardiomyopathy [28] . Our study did not enquire about heart failure and may therefore underestimate the prevalence of severe heart disease in diabetics.
Lesser ECG abnormalities, mainly ST segment and T wave items, occur frequently and greatly inflate estimates of 'Heart VD', especially when questionnairepositive 'Angina Pectoris' is also included in the category. These repolarisation abnormalities are non-specific. While they may represent ischaemic heart disease, an unknown and probably variable proportion may have other explanations, such as old myocarditis, metabolic and nutritional causes. The predictive value of these ECG abnormalities should emerge from the current prospective phase of the study.
Mean arterial pressure and plasma cholesterol were higher in all categories of LVD than in those without it.
The relationship with adiposity and LVD endpoints was much less striking. Almost all LVD endpoints were associated with longer diabetes duration for men, but not for women, with the exception of'Leg VD'. Current smoking habit showed strikingly little association with the prevalence of all arterial disease endpoints investigated.
In the logistic analysis, age, duration of diabetes, hypertension and BMI are independently associated with the LVD endpoints for both men and women, while smoking and cholesterol level do not show significant independent roles. The results for 'Heart VD' parallel those for 'Total LVD'. The lack of any significant association for smoking with the 'Leg VD', 'Stroke Only' and 'ECG Coronary Probable' endpoints may reflect altered habits following development of vascular disease. Prospective data will investigate this possibility further. Similar logistic analyses for triglyceride and glucose data from five of the 14 populations in this study showed that higher glyceride values in the diabetics were associated with 'Large-Vessel Disease', 'Stroke Only' and 'Leg VD' categories, while fasting glucose showed no association with 'Heart VD' [29] . Withincentre analyses showed blood pressure, followed by age, to be the most consistent independent variables associated with LVD and HVD. Significant effects of duration and BMI seen in pooled data were rarely observed within centres.
Small-vessel disease prevalence
Small-vessel disease of the eye, as defined in this study, is virtually unique to the diabetic. Renal disease (defined by proteinuria) is also included in the microvascular disease category, though it is more likely to be specific in the heavier than in light proteinuria. The frequency of almost all of the components of SVD was greater with longer duration of diabetes. Among individuals with diabetes for more than 14 years, over 5% were seriously visually disabled ('Retinopathic Blindness'). Overall, 15% had 'Severe SVDE'. This last class corresponds essentially to proliferative retinopathy, carrying a poor prognosis for vision [30] . Only 32% of men and 38% of women with diabetes of long duration were without significant eye disease in this study.
The results for renal disease are just as striking. Proteinuria in diabetes indicates advanced renal disease, and heralds the almost inevitable development of progressive renal failure [31] .
Diabetic eye and kidney disease are both associated, in a roughly proportionate way, with elevated mean systolic pressure and increased mean plasma cholesterol concentrations. The cholesterol association was more evident with kidney than with eye disease. It is not possible to distinguish between causal and consequential relationships for these data. In almost all duration-categories BMI is lowest in the most severe grades of reti-637 nopathy. Trivial trends occur in the reverse direction for BMI and proteinuria, an association which may in part be secondary to fluid retention accompanying renal impairment. The association of SVDE with lower BMI confirms a recent report on retinopathy in Oklahoma Indians [32] . Greater prevalence of retinopathy in the more severely hyperglycaemic, thinner or insulin-dependent diabetics may exist, and further analysis is necessary before conclusions can be drawn.
The variation in centre-by-centre enumerations for the subclasses of SVDE and SVDK could reflect true regional biological differences, but different examiners made assessments in each centre, and observer error plays an unknown role. A recent study reported a 50% error rate for the diagnosis of proliferative retinopathy by internists and diabetologists using direct ophthalmoscopy, for diagnoses established by pan-retinal photography [33] . The potential for observer variation is probably less great with proteinuria quantification, as it was more easily standardized.
When the variables age, diabetes duration, arterial pressure, BMI, smoking, diabetic treatment and cholesterol are submitted to multivariate analysis, eye disease retains its association with duration and systolic blood pressure, and the inverse association with BMI of a very low order of magnitude remains. All of these findings are independent of the mode of therapy. The multiple correlations with renal disease are all of a lower order than for the eye, and systolic blood pressure is the strongest of a very weak set of explanatory variables. Withincentre analyses resembled those using pooled data, with consistent associations of SVDE with blood pressure and duration and of SVDK with blood pressure.
Noteworthy differences in the frequencies of severe retinopathy and of heavy proteinuria were reported in the Tokyo and Hong Kong samples. This large and unexpected disparity for the two Oriental samples is unexplained. Closer analysis of the Hong Kong and Tokyo data suggests that these differences reflect dissimilarities in the prevalence of 'New Vessels', 'Large Red Lesions' and 'Heavy Proteinuria' but not "Retinopathic" Blindness'.
It is difficult to make comparisons between the centres in respect of 'retinopathic blindness': in shorter-duration categories the numbers affected are very small, and the longer-duration groups differ in the proportion of 'extra-long' (more than 21 years')-duration patients included in each centre. Such a dissimilar composition in the greater-than-14-year-duration group may help to explain the wide variation (5.7% in Warsaw men to 32.8% in Bulgarian'men) in 'severe SVDE' prevalence. Nevertheless, comparisons within the 7-13-year-duration group show more than a tenfold variation (0.9% to 13.5%) in 'severe SVDE' prevalence rates. Differences in duration are unlikely to be responsible for this discrepancy in this better-defined group. Despite their imperfections, the data cast doubt upon the often-quoted impression that vulnerability to diabetic microvascu-lar disease is constant in diverse diabetic populations. However, to establish this clearly, more refined and standardized procedures are required. These were not generally available for the present study. Methods currently available might be justifiably applied in a more limited cross-cultural study to test the hypothesis.
Impfications of study
Use of standardized methods to achieve comparability was the chief purpose of this multicentre investigation. Diabetic subjects in this study showed considerable diversity in the vascular disease type and its manifestations within individual centres, and, most provocatively, between centres. Clearly, conclusions about diabetic patients drawn from one culture cannot automatically be extrapolated to all diabetic populations.
Hypertension as defined by WHO is not only common, and often poorly controlled, in the studies of diabetic patients, but is related to the prevalence of both classes of vascular disease ascertained. Data for improved blood pressure control and the potential effect on retinopathy are lacking, but there is some evidence that the rate of progression of late renal disease can be slowed by effective control of hypertension [34] .
There is an unusually strong link between adiposity and arterial disease in the group as a whole. When individual centres are examined, no relationship is seen, and in some centres the relationship is reversed. The significant association of adiposity and arterial disease may emerge artefactually, based upon the low overall frequency of arterial disease in the low-BMI subjects in Tokyo and Hong Kong, and the unexpectedly high frequency in the Oklahoma Indians. Within these and other centres, adiposity is not associated with LVD.
Failure to demonstrate an association between two factors where an effect was anticipated can easily occur in a prevalence study. Changes in habits, selective survival, and considerable heterogeneity among the participants may all contribute to this sort of error. Conversely, false conclusions may be drawn where an association is demonstrated and none was expected. The preceding paragraphs discuss each of these phenomena. Successful completion of the follow-up study, currently under way, should help to reduce these potential errors, and allow more specific comments about some of the pathophysiological mechanisms underlying vascular disease complications in diabetes mellitus.
